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Field of t he Invention 


detcnninaiioD of optical signal to noise ratio at different locations wilbin an optical 

commxinicatiom network. 

10 Bach-winn/l of (he W ^H-. 

Optical signals softer dceradaMoa be*™* the transmit and recover fan. anon 
^ as noise, ine^ymbo, bHerference, fiber dispersion, ^..^ of ^ 
trananission medtam. In addition, in amplified wavelength division nnJtiplexed (WDM) 
~^«»»°^cl«ac^ 
15 gam and noise profile of erbitrnwloped rlber an^liflers (BDPAa). 

Distortion is defined as any inaccnrate replicaion of a signal transmitted over a 
oonnounioation link, a* could ortghu« m ^ ne^t element (NB) .Uong ,ne Bnlc Scan 
be tneaanred by ass Kstos ^ difference b«ween tbe wave sbape of tit. original signal and 
^ .bat of *e stgna, « a* network element „, in*™,. after „ nas traversed me transmission 

In a* las, ""-"^ - dau signas have increased progressive, 

such as 40 or „ Ws , to ^ ot fc ^ ^ fc a ^ 

perforn^evabLn 

10 In the evaluation of the characteristics of an «v 

, . , ncs or 811 op^oal fiber communication system the 

optical signal to noise ratio (OSNFH ha* w„ V ' 

evaluation Th- USCd a P*«meter for performance 

Z 2 Par3meter * - which utilise optical (photonic) 

arran.ernen, for the routh* or ^ of the use, Z 2 


««-.».--«. Hie signal to noise ratio is 

■Tie opncal switching arra.gen™,, in the node snc . network concise, a 
^^^wincnisanopr^sw^^^^^^,^^ 

S^rf bands of c^neis. fc ^ ^ . ^ ™£ 

provided between the fiber which carries the WDM signal and die cross connect pare 

.0 T *^ ^ ** Once a noise concha, 

no., compon™. foHows the shape o, the rnnWplexer/denMtfpie^ ffltering foncdon 
However convents opneal sign* to n*e raio measurement, rely on the notae having 
consent slope. O^^^oueinvo.vesrne^thesi^lev^a.rleanen^on 

u ^^-u^u.bepresentatrneseinter^.^e,^. A constant slope noise 
«oor is assume* screws freouency, » ^ ^ >( ^ 

fluency, ^s gives an inaccura* indication of the noise tovel when there has heennoise 
shaping as described above. 

20 accurate fault finding and analysis , 

Ibese techmojies rely upon the fact that a data signal has a dethnte Polaris*.™ 

^evolveovertime. Inese .spec* ma* the process ccmplieaed and hj^ 

is .JZTTTT^ ****** ^ ^ ^ ^ which rhe d«a signa, 

»ga«onand„ff. Bttx signai is gafcd sufflciendy rapidly (fasfcr rh» the resporae tin** 

■o ^^^-tterefcrebeu^m^ 
t&erefore be used in live systems. 
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signal transmission, which takes account of . . 

^^««co<iMofrffliseshapliigres B it^f^ 

P^rcaUed o. The Q value (or Q-factor) „ ^ ^J^l. 

the to. srgna regener** by *e optical reefer, a^ is as Mows- 


or, +o- 2 


where fij is the mean value of the s l*s, Mo is the mean value of the "O's, is the 
10 standard deviation of me level of T,. and o, is me «,ndard deviation of the level of <r. 
These parameters can be understood from looting at the scxaited eye diagram which 
represent, .he received signs,. rime-shifted by integer muBples of me bit period, and 
overlap The eye diagram can be produced on an oscilloscope by apply^ a baseband signal 

rate. ^^•^.m*m^t^ mtm ^^ lMkUa ^ 9 ■ 

an«ten,«>te^ b y tos ^ desIaitotiM Anopenr^isde^asaisp^vides 
f^^T^*******,^*.,^^^ Chafes in 
.he ey. stze mdicate Symbol mtertWe, ampttude kaml ^ . ^ ^ 

setter depending on te sign, te , measured, the value of Q canbeused directly 

These tecinkjues require conversion ., the signal from me opScal „ me elecrrical 
One preferred technic involves sweeping me decision tbreshoh, of me receiver 
through all voltage. ftom me voltage ,evel corresponding to a zero to me vohagT^ 
ceding W a one. P . r «amp,, when ^ decision mreshoM is near me ^0.^ 

tar £T -terpreting me zeros. The Bit 

&Tor Ratio (BER) is measured for each decision threshold Voltage, and by mapping me BER 

" erro .^^^-"^^--^^ «» tofcteta^ 


problem arises that Q cannot be measured without opto-electnc conversion circuitry and 
cannot be measured at amplifier sites without providing additional circuity. 

Snm """T if the iny enfinn 

s /^^^a^a^oftbeinven^ 

a plurali* of nodes. W node m ^ ^ ^ 

mnit.p.ex.ng and/or denuuopl.^ apea>iaa are carried ™t, one or rnore opto, 
b«ng provtded Wen adjacent pair. of ^ ^ a ^ fof . ^ 

apparanis for optical analysis is provided at the site of a second optical amplifier at the 

W1-1 . te)wtal 

>«e of a third optic* amplifier tatter dogear, o, the firs, node, where Pledge .f 
*e opucal signa! a noise ratio (OSNR, is desired, wh«ein the firs,, second and third 
apparatus are to, measuring the ^ levelst frea^ bo^ a, a^ to-h^een the cha.ad 
and wherein signa. levels a, me channel freouencies a^ b«weeu me channel 
'^^^^^-^"^^oSNRatthethir.. 
This ntfworlc enables .he OSNR tobemercured accuracy a. any si* » the network 

Tanirr "~ »*ng anaivs,, of th. signa ls 

«amplite sites upstream and a>wusm^ 

The cha^e in optical signal to toer^hannel note xatio (OSINR) between the firs, 
-end and third apparah* n-ay be used . derive the OSNK a, the third apparanT 

The optica! device may comprise an opucal swiiching arrange fer «he ronflng or 
ftmvaining of channels or groups of channeis. rounngor 
. Each optical ampUficr in 4, mmA my ^ apparatus fer opttca! 

a- wherem me noise shaping * all node, is defcrmined JZL J^Z 

T ^'«thenoisesh V ing,hrough„ wa e n ^^^ 
The ann.Ufier sites innnedi.^ ^ 
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Each node may also be provided with apparatus for measuring a Q value of the optical 
signal. The nodes will use transponders, for wavelength shifting, regeneration, or for 
reading header data, and the Q measurement circuit may be associated with these 
transponders. The network may then enable the Q value to be calculated at each amplifier 
site using the measured Q values at the nodes in combination with the signal to noise ratios 
for the amplifier sites and the node sites. This enables the Q value to be obtained at all 
locations in the network including the amplifier sites, without requiring optoelectronic 
conversion at the amplifier sites. 

According to a second aspect of the invention, there is provided a method of 
deteranning the optical signal to noise ratio at a location in a WDM optical network, the 
network comprising a plurality of nodes comprising an optical switching arrangement for the 
routing or forwarding of channels or groups of channels, the method comprising; 

measuring the optical signal levels at channel frequencies and at inter-channel 
frequencies upstream of each node; 

measuring the optical signal levels at channel frequencies and at inter-channel 
frequencies downstream of each node; 

measuring the optical signal levels at channel frequencies and at mter-charmel 
frequencies at the desired location; and 

determining the signal to noise ratio at the desired location using the measured values 
thereby taking into account the noise shaping of the nodes. 

The optical signal to inter-channel noise ratio (OSINB) is preferably obtained 
upstream of each node, downstream of each node and at the desired location, and the signal 
to noise ratio is detennined at the desired location using the OSINR values. 

According to a third aspect of the invention, there is provided an optical node for use 
in a WDM optical network comprising a multiplexing and/or demultiplexing device, the node 
including a first optical amplifier at an input to the node and a second optical amplifier at an 
output of me node, wherein a first apparatus for optical analysis is provided at the site of the 
first optical amplifier and a second apparatus for optical analysis is provided at the site of the 
second optical amplifier, wherein the first and second apparatus are for measuring the signal 
level at frequencies both at and in-between the channel frequencies, and wherein outputs of 
the first and second apparatus are provided as cutouts of the node for enabling the OSNR to 
be detennined at a location downstream of the node, taking into account the noise shaping of 
the multiplexing and/or demultiplexing device of the node. 


According to a fourth aspect of the invention, there is provided an apparatus for 
measuring the optical signal to noise ratio at a location in a WDM optical network, the 
network comprising a plurality of nodes, each node comprising a multiplexing and/or 
demultiplexing device, the apparatus comprising: 

an input for receiving signal level data at frequencies both at and in-between the 
channel frequencies for locations immediately upstream and downstream of each node in the 
path of the optical signal and at the location at which the optical signal to noise ratio is to be 
measured; 

a processor for processing the inputs to determine the OSNR at the location, .taking 
into account the noise shaping of the multiplexing and/or demultiplexing device of the nodes 
in the path of the optical signal. 

According to a fifth aspect of the invention, there is provided a network inanagement 
system for determining the optical signal to noise ratio at locations in a WDM optical 
network/the network comprising a plurality of nodes, each node comprising a multiplexing 
and/or demultiplexing device, the system comprising: 

an input for receiving signal level data at frequencies bom at and in-between the 
channel frequencies for locations immediately upstream and downstream of each node in the 
network and at locations at which the optical signal to noise ratio is to be measured; 

a processor for processing the inputs to determine the OSNR at the locations, taking 
into account the noise shaping of the multiplexing and/or demultiplexing device of the nodes. 


Brief description of the draw ings 

Examples of the invention will now be described in detail with reference to the 
accompanying drawings, in which: 

Figure 1 shows an optical network to which the invention may be applied, and also 
shows the signal frequency spectrum at different locations in the network; 

Figure 2 is used to explain how the optical signal to noise ratio is derived; 
Figure 3 shows optical analysis apparatus used in the network of the invention; and 
Figure 4 shows Q measurement circuitry which can be used at the node sites. 


Detailed descrip tion 

Figure 1 shows a WDM optical communications network comprising a plurality of 
interconnected nodes 18, each node comprising an optical switching arrangement 20 for 
performing routing of signals across the network. The nodes are connected together by 
optical fibers 22 along which optical amplifiers 24 are placed. The fibers 22 cany WDM 
optical signals, and each node comprises rmdtiplexing/deinultiplexing unite 26 which provide 
the channels of the WDM system on individual fibers to the switching arrangement 20. The 
switching arrangement may switch individual channels or else bands of channels. 

The network enables equipment 32 at a source node 18a (not shown in full) to 
communicate with equipment 34 at a destination node 18b (not shown in full). The 
equipment 32. 34 is any device which provides optical signals for transmission over the 
network or which is provided for receiving signals from the network. 

Bach node 18 may be able to perform a regeneration function for some of the signals 
passing through me node. This involves conversion of the signal from me optical domain to 
the electrical domain, with subsequent conversion back into the optical domain. The 
regeneration function is typically carried out by transponders, which perform not only 
recexvmg and transmirring functions, but also enable wavelength translations to be carried 
out. This enables different sections of the selected path between the source and destination 
nodes to use different carrier frequencies, which may be required by the network 
management system, which allocates bandwidth to the communication paths. 

Although Figure 1 only shows the source and destination nodes as providing signals 
to, or takmg signals from the network, each node of the network may also have add/drop 
capability. * 

Figure 1 also shows the optical spectrum of the WDM signal carried by the fiber 22 
at vanous locations through the network. Plot 36a shows the large spectral components at 
me channel frequencies, superimposed on a smooth noise floor 38. The plot 36a is the 
spectrum at the output of a first amplifier 24a. and the noise floor 38 represents noise 
introduced by the amplifier 24a, resulting from amplified spontaneous emission (ASE) As 
the signal passes through amplifiers 24. the noise floor 38 rises, and the plot 36b represents 
*e spectrum at the output of amplifier 24b. Although the noise floor is shown as flat, it may 
be heavily shaped. For simplicity, the term "floor" is used in this text to describe any noise 
profile, J 
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When the signals pass through a node 18, they undergo demultiplexing and 
multiplexing operations at the units 26. These operations result in shaping of the noise floor 
38, and in particular filtering at the intersdiannel frequencies. This is shown in plot 36c, 
which shows the output of amplifier 24c. As the signal propagates through further 
5 amplifiers, the noise level tends to increase as further ASE is added, as shown in plot 36d. 
For simplicity, a uniform increase in tie noise floor is shown between plots 36c and 36d, 
although in practice the added noise will not generally be constant with respect to' 
wavelength. 

The noise undergoes further shaping as the signals pass through additional nodes 18. 
10 as shown in plot 36e, and the propagation through additional amplifiers 24 again increases 
the noise level as shown in plot 36f . 

As described above, a known method of measuring the signal to noise ratio is to 
derive the channel noise level by analysing the intersAannel noise level. In the case of plots 
36a and 36b, a simple interpolation between the inter-channel noise levels on either side of a 

15 channel will give an accurate estimation of the channel noise level. However, when there has 
been noise shaping, as in plots 36c to 36f, the noise no longer has a constant slope, 80 that 
lmear interpolation between the inter-channel noise levels does not give an accurate indication 
of the channel noise level. Thus, the OSINR is not an accurate estimate of the OSNR It is 
however, desirable to obtain signal to noise ratio measurement using analysis of the spectral 

o content at inter-channel frequencies, because measurement of the spectral content can be 
earned out relatively easily. 

Figure 2 shows in more detail plots 36b to 36d of Figure 1, to explain the calculation 
process for evaluating me true optical signal to In order to aetennine the optical 

signal to noise ratio (OSNR) at a desired location within the network, for example at the 
> output of amplifier 24d represented by plot 36d. the optical signal to inter Kfcannel noise ratio 
(OSINR) upstream of the first node 18, for example at the output of amplifier 24b 
(represented by plot 36b), is first determined. This is derived from measurement of the 
channel signal level A and the channel noise level B, the latter being determined by 
interpolating the ^-channel noise levels Bl and from each side of me c^^ This is 
still an accurate determination at the amplify 24b as no noise sluing has yet aifected the 
optical signal so that B^^B^. The OSINR is represented as z in plot 36b. Then, the 
optical signal to inter-channel noise ratio (OSINR) is detennined at the downstream output of 
the first node 18 , in this example at the output of amplifier 24c. This is represented as y in 


plot 36o and is derived from the channel signal teV el c and to interpolated Mi.el.vdD 
The OSINR 1, also oVaermined a, u» desired location, which m ^ ex^ie js me output of 
amplifiers. This is represented as x in plot 36d and is derived from the channel signal 
level E and the interpolated noise ievel P. Haanv, me OSNR a the desired location 
represented as w in plot 36d. is eMtaaW from the cluunW signal level E and an esmuated 
channel noise level F' which takes into account noise shaping. 

ThenseofOSTNRv^uesa.ahte, m e cateuladon of noise tovel to ate tan acconm 
the genera, au^tto (or g*n) wittu. ^ syam . m omer words, me ^is. shaping can no, 

i^MBw^woMiteto^vex^ The osim vainest in* ac«mn,,i* 

symal Wels at me channel freezes, ^ thereby tab account of this ^tennation 

For me simplified case where me signal level at the channel frequency is me same at 
oca^n, 24b, 24c and 24d. as shown schemed* in Figure 2. the estimated channel noise 
I, J ievd F' is obtained as: 

P- =■ B + <F-D),and me OSNR is obtained Horn Band p. tn prcctice, me OSINR 
^aluesx, y, 2 enable the OSNR value w to be obtained even when die general signal levels 
a^d^atdifrerenttocanons. Ofconrse, OSINR vah« do no, need to * cafcnfcted. as 
the 0 SNR cafcuhBon can be derived from me signal measures (A to F) without acmally 
needing tocalculate the OSINR values x. y, z. 

inter J^^r*^ " * * '"^ *» «— f » — *i 

-^^^-^-^fc*--*-.^ Bynteasuring^ 
OSNR before any no.se shaping occur, (a, me upHream inp« * «. 
~^ng the OSINR a, each subseouen, ampUeer, n» amount „f noise «ided m J£ 
by — --Q-- amplMer can be determine, and the OSNR a, e«* amplifier catculateT 

Aimough not shown in detail in Retire 1 rt,* „ 

, 111 wgure 1116 "PStream and downstream amplifiers 

* aTT * «t for example com^LgT 
Pre-anrolifierandapost^lifier. ~««""«uj a 

^ 3 ^«^«yonepos» l1 ,Ie^au B en^ fittsignaIIeveltobe 
measured enh* a, me channel frequencies or at me inter-chauuel frequencies A, J„ w 
of »e ampler 24. a splnter 40 „ provided, w*ich routes a .JTT JjLT 

° f - optical spectrum analysis techniques will be well 
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known to those skilled in the art. and the invention can be implemented by any such 
apparatus providing it can be tuned to measure signal levels at channel and inter-channel 
frequencies. 

As discussed above, a parameter which is increasingly being used for representing me 
performance of optical networks is the Q value, This can be measured after conversion from 
the optical domain to the electrical domain, and is therefore easily carried out at regenerator 
sites, within the nodes 18. 

Figure 4 shows a possible Q measurement circuit which can be used at the regenerator 
site. The receiver 60 of a regenerator supplies the signal to a clock extraction circuit 62, 
which clocks the decision circuits of the Q measurement circuitry. The clock extraction 
circuit 62 can provide adaptive clock recovery, so that the error measurement is bit rate 
independent. The error ratio is obtained by comparing the measured signal from one 
decision circuit Dl (essentially a comparator) which uses a fixed decision threshold 
(the normal operating point for the decision threshold of the channel) with the measured 
signal from another decision circuit D2 which uses a variable decision threshold V VARIABU5 . 

The variable decision threshold scans various values, in known manner. The further 
the decision threshold is from the centre of the eye. the higher the error ratio that is 
measured. 

The two measured signals are supplied to an XOR element 66 which provides an 
output pulse when the inputs are different. Each output pulse represents an error, which 
assumes the normal operating point provides an error free signal, so that all 

differences to this are errors. The pulse rate is measured to obtain the BER (bit error ratio) 
for different decision threshold voltages. These BER values can be used to determine the Q 
value, essentially by a process of extrapolation, and this process will be well known to those 
skilled in the art. High error ratio counts are of course less accurate than low error ratio 
counts if the errors cross the normal decision threshold. However, in this case, there are still 
many more errors from the comparator with the offset threshold than the comparator with the 
normal threshold allowing the estimation of Q to remain reasonably accurate. 

The output of the fixed threshold decision circuit provides the normal receiver output 
68, which is then used to drive the transmitter of the converter, either at the same or a 
differeni optical frequency (depending on whether frequency translation is required). 

This Q measurement circuitry can be provided at each node. However, the amplifiers 
24 do not require opto-electric conversion, and therefore do not have the required receiver 


60. However, the accurate knowledge of the optical signal to noise ratio at each amplifier 
site enables the Q value at that site also to be determined. This involves comparing the 
optical signal to noise ratio at the amplifier sire with the OSNR at the preceding node, at 
which the Q value is known. The degradation of the OSNR can then be used to modify the Q 
value, to provide a reasonably accurate estimation of the Q value at the amplifier site. 

It should be appreciated by those skilled in the art that the determination of the Q 
value throughout the network is entirely optional, and in many cases fault detection and 
location can be based solely on the optical signal to noise ratio calculations at each site within 
the network. 

As will be apparent from the above description, the calculation of the OSNR at any 
location requires data to be provided to that location relating to signal measurements 
upstream and downstream of the nodes in the path of the signal to that location. This may be 
coordinated by a network management system, shown schematically as 39 in Figure 1. The 
system receives inputs from all of the locations at which OSNR is required, and from all of 
the locations upstream and downstream of each node. Only three inputs to the network 
management system 39 are shown in Figure I for clarity. The network management system 
includes software for performing the analysis of the inputs in order to calculate the OSNR at 
each location. 

Alternatively, a distributed system may be implemented, by which each node passes 
on the measurements upstream and downstream of the node to the next node in the signal 
path. This information may, for example, be carried by the Optical Service Channel. In the 
distributed system, each amplifier site at which OSNR is to be calculated will include a 
processor apparatus having an input for receiving signal level data at frequencies both at and 
in-between the channel frequencies for locations immediately upstream and downstream of 
each node in the path of the optical signal and at the location at which the optical signal to 
noise ratio is to be measured. The processor will process the inputs to determine the OSNR 
at the location, taking into account the noise shaping of the multiplexing and/or 
demultiplexing device of the nodes in the path of the optical signal. 

Various modifications will be apparent to those skilled in the art. 


